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 Abstract 
           The IGY and IGC data from a numberof ionospheric stations widely distribut-
       ed over the northern hemisphere are analysed with special reference to the
       sporadic E ionization in the polar region. Both from the statistial study and 
       from the analyses of the individual cases, it is concluded that the Es ionization 
       in the high latitudes shows a spiral  distribution; the Es activity is maximum at 19h 
       local geomagnetic time at the geomagnetic colatitude of  20° and at  24h at the 
       colatitude of 30°. 
1 Introduction 
   A number of papers showing spiral patterns in the world -wide blackout activity 
and in the geomagnetic activity have appeared in a recent few years . Most of them 
have pointed out the clockwise spiral distribution . In this paper, the IGY and IGC 
data from a number of ionospheric stations distributed over the northern hemisphere 
are analysed in order to know how the sporadic E ionization is distributed in high 
 latitidues. It is found from the statistical point of veiw that , in general, the value 
of foEs has no relation with the simultaneous values of  f rnin at any given station. 
The geomagnetic local time of the maximum activity in the Es ionization lags with 
increasing polar distance at the rate of half an hour per degree. In an individual case, 
in fact, the instantaneous distribution of the Es ionization often shows a spiral pattern 
in the main phase of a geomagnetic storm . It should be emphasized here, as Agy[1] 
pointed out, that these results are not necessarily connected with the  StOrmer's theory 
of the aurora. Merely the observational results are presented here. 
2 The Es Ionization Associated with Geomagnetic Storms . 
   It is well known that the Es ionization is, in general, more active at the stormy time. 
Inquiring into the hourly values of foEs at a number of ionospheric stations during 
geomagnetic storms, it is found that the maximum activity appears during the main 
phase of the geomagnetic storm. It must be noted here, however, that the Es activity 
does not always attain to its maximum simultaneously everywhere . The distribution 
of the Es ionization during this period often shows the sprial pattern . For instance, 
Fig. 1 illustrates the contour of equivalued foEs at  5h U.T. on Feb. 11, 1958. On 
this day, the very severe geomagnetic storm began at 01; 26  U.T. with a sudden  com-
mencement, and from 3h to  711 U.T., the storm was in its main phase . We have got 
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example showing a spiral distributin of the polar Es ionization during 
main phase of the geomagnetic storm on Feb. 11, 1958. 
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hourly values of foEs from their monthly median values for a few hours after the 
SSC's of twelve geomagnetic stroms dated on the following days; 
 Sept. 13, 1957 (SSC at 00; 45 U.T.) May 11, 1959 (SSC at 23; 29 U.T.) 
 Feb. 11, 1958 (SSC at 01; 26  U.T.) Jul. 11, 1959 (SSC at 16; 20 U.T.) 
 Jul. 8, 1958 (SSC at 07; 48 U.T.) Jul. 15, 1959 (SSC at 08; 02 U.T.) 
 Sept. 3, 1958 (SSC at 08; 42 U.T.) Nov. 27, 1959 (SSC at 23; 51 U.T.) 
 Sept. 25, 1958 (SSC at 04; 08 U.T.) Apr. 2, 1960 (SSC at 23; 13 U.T.) 
 Oct. 22, 1958 (SSC at 03; 14 U.T.) Apr. 30, 1960 (SSC at 12; 14 U.T.), 
the averaged distribution is derived as shown in Fig. 2. We can see clearly the 
 left-handed spiral distribution of  d  foEs at the main phase of the geomagnetic storm. 
It is also noticed that a heavily ionized region appears in the geomagnetic co-latitude 
raging from 30° to 40° in the afternoon and a less remarkable ionization in the polar 
region in the morning. 
3 Interrelation between the Values of foEs and fmin. 
   Is there any interrelation between the simultaneous values of foEs and  fm,„ 
observed at any given point? At  11' U.T. on Oct. 21, 1958, for an example, Fig. 3 
illustrates the areas of the abnormal increases in  frnin and foEs. It may be seen that 
the cross-hatching area indicating the abnormally  increased -fmin zone on the day-side 
hemisphere is facing to the area of the abnormally  increased-foEs zone on the night-
side hemisphere. On this occasion, a typical bay-disturbance was recorded on the 
magnetogram at Big Delta, and the abnormally increased electron density in the F2
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Fig. 3. An exmaple showing the distributions both of anbormal  fmin and of foEs 
       during the bay disturbance on Oct. 21, 1958.
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Fig. 4 A copy of a part of the  magnetogram taken at Big Delta on Oct. 21, 1958.
region amounting to 196% of the normal value was observed at the stations near the 
geomagnetic north pole [2]. This type of phenomena is  very common in the case of 
the magnetic bay-disturbance. Although the distribution of foEs shows only a part of 
the spiral pattern, it is suggested that the value of foEs has not necessarily the direct 
relation to the instantaneous value of  fmin at any given point. 
   More than a hundred of couples of foEs and  f„,„ are analysed for every four hours 
interval at each station, and the correlation coefficients are indicated in Fig. 5 according 
to the local solar time and the geomagnetic  co-latitude. It may be said that there is, 
in general, no correlation between the values of foEs and  fmin except in a limited area 
just outside the  auroral zone. Only in the co-latitude ranging from 28° to 33°, the 
coefficients are extremely high during night, expecially from 20" to  24". The result means 
that the distribution of foEs shows a different distribution from that of  fmin, although 
the sporadic E ionization may be associated in some way with the absorption event in the
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Fig. 5 The distribution of the correlation coefficient between the simultaneous 
       values of foEs and fmin.
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polar region. Indeed, Hakura  [3] reported that the area of the blackout activity showed 
a right-handed spiral pattern. On the other hand, the abnormally increased values of 
foEs seem to form a left-handed spiral pattern.
4 Statistical Study of the Polar Es.
   As already mentioned, relatively high values of foEs are recorded 
geomagnetic storms. The occurrences of foEs greater than  7ivic/s are plotted in 
It is evident that points are closely distributed during the period from 181t to 
the auroral zone. It is interesting to see
whether the time of the maximum activity 
in Es ionization is changed with the 
geomagnetic latitude or not. Fig. 7 shows 
the mean diurnal variations of foEs during 
geomagnetic storms as a function of the 
geomagnetic latitude. The horizontal lines 
correspond to  4mcis. The maximum 
activity  may  be defined by the peak of the 
diurnal curve for each station, and is in-
dicated by an arrow. At a glance, it is 
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Fig. 6 The distribution of occurrences of foEs 
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The diurnal variations in foEs 
during ge magnetic storms.
THE SPIRAL DISTRIBUTION OF THE POLAR ES IONIZATION 125
activity lags with increasing polar distance. 
   The diurnal variations of foEs both on magnetically quiet days and on disturbed 
days are illustrated in Fig. 8 for the European zone and in Fig. 9 for the American zone. 
The differences of those on disturbed days from those on quiet days are indicated by 
cross hatchings and are reproduced on the right sides of the figures. The time of the 
peak on each curve for either the difference or the disturbed day variation is also
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Fig. 10 The local geomagnetic time of the maximum activity in the Es ionization,
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    Fig. 9 The diurnal variations in foEs on magnetically quiet days and on disturbed 
     days in American zone. 
indicated by an arrow. The local geomagnetic times of these maximum activities are 
plotted in Fig. 10 against the geomagnetic co-latitude. The rate of the time shift is 
about 0.5  hour/degree, and at 30° of the co-latitude the activity is maximum at 
midnight. It is noted here that the marks form a better line when we use the 
geomagnetic time than the solar time. The dashed line shown in Fig. 10 corresponds 
to the spiral curve in the polar diagram (Fig. 11). 
5 Conclusion 
   Statistical study shows the left-handed spiral distribution of the polar Es activity, 
which is especially evident in the zone ranging from 20° to 35° of co-latitude. The 
geomagnetic local time of the maximum activity lags with increasing polar distance
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                Fig. 11 The spiral curve derived from the statistical study. 
at the rate of about half an hour per degree. The spiral cruve passes through the 
midnight point at the co-latitude of  30°. 
   Because the sense of the spiral curve derived from foEs is opposite to that from 
blackouts, the value of foEs has, in general , no relation to the simultaneous value of 
 /rain at a given point, except  just outside the auroral zone in the night-hemisphere, 
where extremely high values of the correlation coefficient are found . 
   Not only the statistical results, but also the instantaneous distribution of the 
polar Es ionization often shows a spiral pattern during the main phase of the 
geomagnetic storm. 
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